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HETEROEPITAXIAL GROWTH OF 111-V SEMICONDUCTOR COMPOUNDS 

BY METAL-ORGANIC CHEMICAL VAPOR DEPOSITION FOR 

DEVICE APPLICATIONS 

1. INTRODUCTION 

The purpose o f  t h i s  research p r o j e c t  was t o  design, i n s t a l l  and opera te  

a meta l -o rgan ic  chemical vapor d e p o s i t i o n  (MOCVD) system which was t o  be 

used f o r  t h e  e p i t a x i a l  growth o f  111-V semiconductor b i n a r y  compounds, and 

t e r n a r y  and quaternary  a l l o y s .  The long- term goal  was t o  u t i l i z e  t h i s  

vapor phase d e p o s i t i o n  i n  c o n j u n c t i o n  w i t h  e x i s t i n g  c u r r e n t  c o n t r o l l e d  

1 i q u i d  phase e p i t a x y  (CCLPE) f a c i l i t i e s  t o  per fo rm h y b r i d  growth sequences 

f o r  f a b r i c a t i n g  i n t e g r a t e d  o p t o e l e c t r o n i c  devices.  

2 .  SYSTEM DESCRIPTION 

Because o f  t h e  l i m i t e d  f a c i l i t i e s  and personnel  i t  was dec ided a t  t h e  

beg inn ing  o f  t h i s  p r o j e c t  t o  purchase a b a s i c  meta lo rgan ic  vapor phase 

e p i t a x y  (MOVPE) system, i n s t a l l  i t  i n  a renovated l a b o r a t o r y  area, and 

mod i fy  t h e  system as f u t u r e  research a c t i v i t i e s  r e q u i r e d .  System 

s p e c i f i c a t i o n s  were e s t a b l i s h e d  i n  a p r e l i m i n a r y  f a s h i o n  i n  o r d e r  t o  o b t a i n  

e s t i m a t e s  o f  c o s t  f rom s e v e r a l  vendors. A s e t  o f  b i d  s p e c i f i c a t i o n s  was 

then prepared. 

Corp., Deer Park, NY) i n  June 1985. Th is  system i n c l u d e s  t h e  f o l l o w i n g  

The MOVPE system was d e l i v e r e d  by t h e  vendor (CVD Equipment 

f e a t u r e s :  atmospher ic pressure opera t ion ,  two meta lo rgan ic  source 

channels, two gas source channels, mass f l o w  c o n t r o l l e r s ,  VCR f i t t i n g s ,  a 

v e r t i c a l  3 - inch  d iameter  r e a c t i o n  chamber, r o t a t i n g  l'0 f a c e t  S ic-coated 

g r a p h i t e  susceptor,  and th ree-por ted  va lves  f o r  ven t - run  o p e r a t i o n .  A gas 

f l o w  diagram f o r  t h e  MOVPE system i s  shown i n  F i g .  1. The c o s t  o f  t h i s  

system was i n  excess of t h e  p r o j e c t  funding, so o t h e r  resources were 

u t i l i z e d  f o r  t h e  balance. 
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As indicated above, the MOVPE system was quite incomplete and 

additional equipment and components had t o  be purchased with other research 

g r a n t  and Department of Electrical Engineering funds. These items 

i ncl uded: 

o 7 .5  kW RF generator 
o 12  SLPM hydrogen purif ier  
o MDA TLD-1 single-point arsine detection system [l] 
o Portable toxic/flammable gas detector 
o Hydrogen detection system 
o Acid fume hood 
o Solvent fume hood 
o Laminar flow clean hood 
o Three laboratory exhaust syst-ems 

o Water and drain service f o r  the fume hoods 
o Deionized water system for  materials preparation 
o Components for  an additional liquid source channel 

(Mass flow controller,  valves, f i t t i ngs ,  c h i l l e r )  
o Components for  an additional gas source channel 
o Three cylinder gas cabinet 
o Three cross-purge gas pressure regulators 
o Self contained breathing apparatus 
o Eutectic metal purif ier  for  arsine l ine .  

(Two for  the MOVPE system, one for  the fume hoods) 

The components of the hydrogen purif ier  were instal led within the gas  

control section of the MOVPE system cabinet. In  order to  protect the 

purif ier  diffusion module in the event of  power fa i lure ,  a nitrogen purge 

system was designed and incorporated into the purifier installation. Many 

of the added components incorporated welded VCR f i t t i n g s .  However 

final connections t o  the pressure regulators involve threaded o r  

compression f i t t i ngs .  

welded regulator/purge assemblies. 

A future modification may be the subst i tut  

signal for  

O-ring sea 

i s  lowered 

the RF power controller.  

ed t o  a water-cooled s ta inless  steel  baseplate. 

with respect t o  the reactor tube with a motor d r  

A single-walled q u a r t z  

the 

on of 

The susceptor temperature i s  monitored with a thermocouple in sl iding 

contact with the qua r t z  susceptor support tube. This i s  the feedback 

reactor tube i s  

This basepl a te  

ve t o  permit 
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load ing /un load ing  o f  subs t ra tes .  

The gas i n j e c t i o n  va lves  are  d i s t r i b u t e d  a long a 1 /4 - inch  OD m a n i f o l d  

tube a t  a d i s t a n c e  o f  about 24 inches f rom t h e  chamber. Thus, abrup t  

s w i t c h i n g  o f  dopants o r  composi t ion i s  n o t  p o s s i b l e .  Again, a f u t u r e  

m o d i f i c a t i o n  may be t h e  i n s t a l l a t i o n  o f  a r a p i d  s w i t c h  

t h e  ent rance t o  t h e  r e a c t i o n  chamber. 

I n  o r d e r  t o  p r o v i d e  1 abora tory  exhaust f a c i  1 i t i e s  

and t h e  assoc ia ted  chemical fume hoods, b u i l d i n g  mod i f  

designed and approved by t h e  U n i v e r s i t y  and t h e  Sta te .  

ng v a l v e  b l o c k  a t  

f o r  t h e  MOVPE system 

c a t i o n s  had t o  be 

T h i s  and t h e  

c o n t r a c t o r ' s  de lays represented q u i t e  a l o s s  i n  t ime on t h e  research  

e f f o r t .  

s e r v i c e  f o r  t h e  fume hoods. 

S i m i l a r  de lays were encountered i n  p r o v i d i n g  t h e  w a t e r / d r a i n  

I n i t i a l l y ,  GaAs w i l l  be grown i n  t h e  MOVPE system. T r i m e t h y l g a l l i u m  

(TMG) and a 10% a r s i n e  i n  hydrogen m i x t u r e  have been purchased f o r  t h i s  

t e s t i n g  o f  t h e  system. The e u t e c t i c  m i t a l  a r s i n e  p u r i f i e r  (Ga-In-Al, 

EMCORE Corp. [ 2 ] )  w i l l  be i n s t a l l e d  a f t e r  some exper imenta l  r e s u l t s  have 

been ob ta ined upon t h e  q u a l i t y  o f  GaAs which can be grown w i t h  t h e  e x i s t i n g  

sys tem. 

3. SAFETY CONSIDERATIONS 

Obviously,  t h e  a n t i c i p a t e d  use o f  t o x i c  substances, such as a r s i n e  and 

phosphine, and t h e  development o f  a chemical hand l ing  l a b o r a t o r y  has 

i n c u r r e d  many requi rements by t h e  U n i v e r s i t y  f o r  s a f e t y  f e a t u r e s  which must 

be prov ided by t h i s  research e f f o r t .  The v a r i o u s  f e a t u r e s  i n c o r p o r a t e d  i n  

t h e  system and t h e  l a b o r a t o r y  a r e  d iscussed here. 

Presumably, t h e  use o f  t h e  t o x i c  h y d r i d e  gases i s  t h e  most dangerous 

aspect  o f  t h e  111-V MOVPE growth process. As i n d i c a t e d  above, two d e t e c t o r  

ins t ruments  a r e  a v a i l a b l e  f o r  i n d i c a t i n g  t h e  presence o f  these gases. The 
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p o r t a b l e  u n i t  i s  s e n s i t i v e  i n  t h e  p a r t s  p e r  m i l l l i o n  range and w i l l  be used 

f o r  check ing a r s i n e  c y l i n d e r s  a t  t h e  t i m e  o f  d e l i v e r y .  It i s  a l s o  

s e n s i t i v e  t o  hydrogen so i t  can be used as a system l e a k  d e t e c t o r .  

d e t e c t o r  u n i t  i s  c a l i b r a t e d  t o  a larm a t  100 ppb a r s i n e  c o n c e n t r a t i o n  

(2xTLV). T h i s  u n i t  draws a gas sample through t h e  p ick -up  tube w i t h  a 

pump. Normally, t h i s  p ick -up  tube w i l l  be l o c a t e d  i n  t h e  gas c y l i n d e r  

c a b i n e t .  

o r  c y l i n d e r  exchange. 

tape as t h e  d e t e c t i o n  medium. 

(ca. $1,000 p e r  y e a r ) .  

t o  t h e  gas c a b i n e t  exhaust f a n  t o  cause i t  t o  t u r n  on i f  i t  happens t o  be 

o f f  d u r i n g  an a l a r m  c o n d i t i o n .  

The MDA 

It can be moved t o  o t h e r  l o c a t i o n s  d u r i n g  system t e s t i n g , x j r o w t h  

T h i s  MDA ins t rument  uses a c h e m i c a l l y  a c t i v e  paper 

Hence, t h e r e  i s  a c o n t i n u i n g  o p e r a t i n g  c o s t  

The alarm r e l a y  o f  t h i s  d e t e c t o r  has been connected 

Flow sensors a re  i n s t a l l e d  i n  t h e  gas c a b i n e t  and r e a c t i o n  chamber 

exhaust systems t o  p revent  o r  shut  down system o p e r a t i o n  i f  t h e  a i r  f l o w  i s  

n o t  above a s e t  p o i n t  minimum value.  A pressure s w i t c h  i s  i n s t a l l e d  i n  t h e  

exhaust connect ion t o  t h e  r e a c t i o n  chamber. 

above ca. 3 p s i ,  t h i s  s w i t c h  w i l l  cause t h e  i n l e t  gas va lves  t o  shut .  T h i s  

i s  i n t e n d e d  t o  p r e v e n t  a d a n g e r o u s  p r e s s u r e  c o n d i t i o n  i n  t h e  r e a c t o r  i f  a n  

exhaust l i n e  va lve  were c losed o r  f i l t e r s  were c logged i n  t h e  exhaust 

t rea tment  system. 

The hydrogen p u r i f i e r  has a hydrogen leak  d e t e c t i o n  system t o  guard a g a i n s t  

a p o t e n t i a l  f a i l u r e  i n  t h e  p u r i f i e r  assembly. 

a c t i v a t e d ,  i t  w i l l  c l o s e  t h e  impure hydrogen i n l e t  va lve.  Another hydrogen 

d e t e c t o r  i s  mounted near  t h e  c e i l i n g  i n  t h e  l a b o r a t o r y .  

w i l l  p r o v i d e  an a l a r m  f u n c t i o n .  

I f  t h e  chamber p ressure  r i s e s  

The RF generator  i s  a l s o  shut  down i n  t h i s  s i t u a t i o n .  

I f  t h i s  d e t e c t i o n  system i s  

T h i s  second u n i t  

The r e a c t o r  exhaust and vent  gases are  combined and passed th rough a 

q u a r t z  tube i n  a 900°C p y r o l y t i c  decomposi t ion furnace.  The o u t l e t  o f  t h e  
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a r s i n e  gas pressure r e q u l a t o r  cross-purge assembly i s  a l s o  t o  be connected 

t o  the  c r a c k i n g  fu rnace i n l e t .  

exhaust gases (e.g., a r s e n i c ) ,  t h e  furnace o u t l e t  i s  coupled t o  f o u r  

c a r t r i d g e  f i l t e r s  i n  p a r a l l e l .  I n i t i a l  o p e r a t i o n  w i l l  determine i f  these 

f i l t e r s  can per fo rm f o r  a reasonable t ime w i t h o u t  c logg ing .  The f i l t e r e d  

gases pass through a dual  chamber o i l  bubb ler  b e f o r e  v e n t i n g  i n t o  t h e  

exhaust system a i r  f l o w .  T h i s  exhaust system i s  shown s c h e m a t i c a l l y  i n  

F i g .  2. 

To remove any p a r t i c u l a t e  m a t t e r  i n  t h e  

U l t i m a t e l y ,  t h e  MOVPE system o p e r a t i o n  w i l l  c r e a t e  waste m a t e r i a l s  

which r e q u i r e  p roper  d isposa l .  

a r s e n i c .  

fu rnace tube, and c o l l e c t s  i n  t h e  p a r t i c u l a t e  f i l t e r s  and t h e  o i l  bubb ler .  

Thus, s o l i d  and l i q u i d  waste m a t e r i a l  w i l l  be accumulated. The d isposa l  o f  

t h i s  m a t e r i a l  w i l l  be a p a r t  o f  t h e  system o p e r a t i n g  cos ts .  

A1 t e r n a t i v e  forms o f  exhaust t rea tment  a r e  a v a i l a b l e .  However, t h e  

cos ts  o f  these systems made t h e i r  c o n s i d e r a t i o n  i m p r a c t i c a l .  A r e l i a b l e  

method o f  a r s i n e  d isposa l  i n v o l v e s  a d s o r p t i o n  and o x i d a t i o n  i n  a c a n n i s t e r  

o f  a c t i v a t e d  charcoal [Z]. T h i s  c a n n i s t e r  must even tua l ly  be rep laced .  

Another technique i s  t h e  scrubber approach employing a chemical s o l u t i o n  t o  

r e a c t  w i t h  t h e  exhaust gases. The waste i s  i n  t h e  form o f  p r e c i p i t a t e s  i n  

a l i q u i d .  F i n a l l y ,  a c o n t r o l l e d  b u r n i n g  system can be used t o  c o n v e r t  t h e  

t o x i c  gases i n t o  l e s s  t o x i c  s o l i d  ox ides.  

Several  comprehensive a r t i c l e s  concern ing t h e  des ign o f  sa fe  

Again, t h e  most s e r i o u s  waste problem i s  

Th is  condenses on t h e  r e a c t o r  chamber, basep la te  and t h e  c r a c k i n g  

l a b o r a t o r y  f a c i l i t i e s  f o r  t h e  use of meta lo rgan ics  and hydr ides  have been 

pub l ished [3,4,5]. The S o l a r  Energy Research I n s t i t u t e  has sponsored 

sa fe ty  conferences f o r  t h e  s o l a r  c e l l  f a b r i c a t i o n  i n d u s t r y .  These t e n d  t o  

concent ra te  upon t h e  amorphous s i l i c o n  d e p o s i t i o n  process u t i l i z i n g  s i l a n e  
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and r e f e r  t o  commercial f a c i l i t i e s .  

The h i g h l y  t o x i c  n a t u r e  o f  a r s i n e  (and phosphine) has prompted t h e  

i n v e s t i g a t i o n  o f  o t h e r  compounds which migh t  be compat ib le  w i t h  t h e  MOVPE 

process f o r  t h e  growth of I I I - V  semiconductors. 

sources may be p o t e n t i a l  replacements f o r  a r s i n e  s i n c e  they  seem t o  be 

c o n s i d e r a b l y  l e s s  t o x i c .  These m a t e r i a l s  have been r e c e n t l y  i n v e s t i g a t e d  

and may n o t  have been developed y e t  t o  t h e  p u r i t y  a v a i l a b l e  i n  commercial 

a r s i n e .  T r i m e t h y l  a r s e n i c  [6], d i e t h y l  a r s i n e  [ 71, and t e r t i a r y b u t y l  a r s i n e  

[8] a r e  t h r e e  l i q u i d s  f o r  which MOVPE r e s u l t s  have been repor ted .  

Organometa l l ic  a r s e n i c  

The 

v a r i o u s  problems assoc ia ted  w i t h  these s u b s t i t u t i o n s  i n c l u d e  poor  s u r f a c e  

morphology, h i g h  carbon c o n c e n t r a t i o n  and r e s i d u a l  i m p u r i t i e s  i n  t h e  

e p i t a x i a l  l a y e r s .  There i s  evidence t h a t  hydrogen bonded a r s e n i c  species 

(e.g., AsH3) reduce t h e  i n c o r p o r a t i o n  o f  carbon as an acceptor  i n  GaAs 

e p i t a x i a l  l a y e r s  [SI. I t  has been shown t h a t  s u b s t i t u t i o n  o f  he l ium f o r  

hydrogen as t h e  c a r r i e r  gas has n e g l i g i b l e  e f f e c t  on t h e  growth r a t e  and 

carbon i n c o r p o r a t i o n  i n  arsine-based GaAs MOVPE growth [ lo] .  Thus, t h e r e  

appears t o  be a compromise between reduced carbon acceptor  i n c o r p o r a t i o n  i n  

GaAs e p i t a x i a l  l a y e r s  u s i n g  a r s i n e  and the  l e s s  t o x i c  n a t u r e  o f  t h e  

organoarsenic  compounds. 

4. SYSTEM STATUS 

The MOVPE system a t  t h e  t e r m i n a t i o n  o f  t h i s  research  g r a n t  was i n  t h e  

f i n a l  stages of t h e  assembly o f  t h e  exhaust t rea tment  system. Welding o f  

s t a i n l e s s  s t e e l  components was necessary and t h e  c r a c k i n g  fu rnace tube was 

be ing  c o n s t r u c t e d  by a g lassblower .  The MDA TLD-1 a r s i n e  d e t e c t o r  has been 

r e c a l l e d  by t h e  manufacturer f o r  m o d i f i c a t i o n .  Thus, t h e  a r s i n e  d e l i v e r y  

has been delayed. 

designed so t h a t  p o t e n t i a l l y  hazardous c o n d i t i o n s  m i g h t  be i n d i c a t e d  b e f o r e  

A remote system a larm s t a t u s  i n d i c a t o r  panel i s  b e i n g  
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e n t e r i n g  t h e  l a b o r a t o r y .  

a i r  h a n d l i n g  system communicates w i t h  t h r e e  l a b o r a t o r y  rooms. Thus, a 

t o x i c  l e a k  s i t u a t i o n  m i g h t  be d i s t r i b u t e d  i n t o  t h e  ad jacent  research  

f a c i l i t i e s .  

T h i s  i s  an impor tan t  s a f e t y  f e a t u r e  because t h e  

Two graduate s tudents  and an undergraduate s tudent  have been 

assoc ia ted  w i t h  t h e  i n s t a l l a t i o n  o f  t h e  MOVPE system and t h e  l a b o r a t o r y  

m o d i f i c a t i o n s .  

The MOVPE system w i l l  be completed w i t h  o t h e r  funding.  Research 

proposals  a r e  be ing  prepared f o r  s t u d y i n g  h e t e r o i n t e r f a c e  p r o p e r t i e s  and 

s e l e c t e d  area, o r  pat terned,  growth techniques. 
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